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Optical data Storage niediiim and TJ£^ 



The inyention related to amulti-stack optical data storage medium for 
recording using a focused iradialiott beam enteitogtbroii^ an entrance fecc of llie medium 
dmlng recordingi comprisingr 

- a first sub^tcate willi loesent on a side fliereofi 

S - a &cst reoordiiig stack named Lo> comprising a recordable typ& Lo recording 

layer, and formed in a first guide groove, and a first reflecdve layer present between the Lo 
recording layer and the first rabstrate » 

- a second substrate with present on a dde thereof: 

- a second recording stack named compxi^g a recordable type Li 

10 recording layer, said second recording stack being piesent at a position closer to the entrance 
fice than die Lo recording stack and fomied in a second Li guide groove, 

- a transparent spacer layer sandwiched between the recording stacks, said 
transparent spacer layer having a thickness substantially larger than the depth of focus of the 
focused radiation b^on. 

15 The invention also relates to the use of such a medium. 

An embodiment of an optical recording medium as described in tifci© opening 
paragraph is known fiom European Patent Application EP1067535A2. Normally the medium 

20 IS in the form of a circular dislc 

Regarding the market for optical recojxiing, it is clear that the most important 
and successful format so far is a write-once fbrmat, CD-R. Although the take-over in 
importance by CD-RW has ht&n predicted since a long timOj, the actual market siase of CD-R 
media is still at least an order of magnitude larger than for CD^RW. Furtfaeimore the most 

25 important parameter for drives is tiie maximum write speed for R-medlai not for RW. Of 
course, a possible shift of the market to CD-RW is still possible, e«g, because of Mount 
Rainier fin: CD-RW. However, the R-format has been proven veiy attractive due to its 1 00% 
compatibilily. 
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Next to the D VD+RW standard recently a new DVD+R standard was 
developed* The new DVD+R standard gets increasing attention as an impoitunt support for 
DVDtRW. A possible scenario is ^t the end customers have become so ^miliar with an 
optical wdte-once fonnat that they might accept it more easily than a re-writable foimat, 
5 An issue for both the R and RW formats is the limited capacity and thexe&re ^ 

reccnrding lime because only single-'Stacked media are present (for DVD-Video^ dual stacked 
media have a considerable market share). A dual-layer DVD+RW disk is probably fbasxble. 
However^ it has become clear that a fully compatible disk, i.e. within IbB reflection and 
modulation ^edfication of the dual-layer DVD-ROM^ is very difBcult to achieve and 

10 requires at least a m^or breakthrough for the phase-change material properties. Without a 
fkiU compatibility, the success of a dual-layer DVD+RW in the mad<et is questionable. 

In <»:der to obtain a dual-layer DVD+R medium which is compatible with the 
dual-layer DVD-ROM standard^ the efifeodve reflectivity of both the upper Li layer and the 
lower LO layer should be at least 18%. EfEective means that the reflection is measured as the 

15 portion of effective lig^ht coming back from the medium when both stadcs Lq and Li are 

present and focusing on Lo and Lx respectively. This means that Ihe Lo stack as such requires 
a &r higher reflection level of e.g. more than 5096, preferably more than 60%» because the Li 
sinck absorbs a substantial portion of flie incoming and outgoing ti^ It ^ouid be noted that 
in this document the nomially used convenHon o£ notation of Lq and Li, in which notation Ld 

20 is the ''closest" stack> i.e. closest to the radiation beam entrance face, has been changed: Lq 
now is the deepest stack and Li. • *La are sixicks closer to the radiation beam entcance :&ce. In 
EP1067535A2 the following definitions are used: DGl is the thickness of the dye layer in 
groove of the first infonnation recoiding/r^roduction unit which corresponds to dQ2 is 
ttko tiiiokness of the dye layer in groove of the second infonnation recording/reproduction 

25 unit which corresponds to Lq, DLl is the thickness of the dye layer on land corresponding to 
Li, dL2 is the thickness of the dye layer on land corresponding to Lo. The depth of the 
grooves corresponding to Li is dl but the depth of the grooves d2 corresponding to Lo is 
defined differently. D2 is the height difference of lands and grooves measured on the dye 
surface after a dye layer has been coated. DG2» d2 and dL2 are set to approximately 174, 140 

30 and 120 nm. A calculation shows that lhis corresponds to a groove depthg inthe substrate 
corresponding to Lo of about 194 nm. Measmrements by applicants have shown that the - 
inverted Lo stock of the known medium with grooves with a depth of 1 94 nm has a 
reflectivity being only 15% - 50% of the r^ectivity of blank areas (i^. without grooves). 
This means that it is impossible to reach the deshed 60% reflection level because in order to 
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oblain a dual-layer DV]>HRinediiimwiiidi is cQnq)atible with Ihe dual-layex DVD-ROM 
standard, the teflcctivi^ of a Kght beam focused onto the data irack of the lower Lg layer 
should be sufSdendy M0i (Really > 60%, depending on tha twasmission of the iqjpra L] 
layer). Ftom adual-kyerDVDhRprodactionpointof view, an inverted Lo layer structure xi 
5 IH^fened which means that iJwrecotdtog layer ofltol^ stack is iTOsent at a sM^ 
reflectiv© layer o(ber than the side of the substrate wifjj groove structure. 



It is an object of the invention to provide an optical data storage medium of the 

10 type mentioned in the opening paragr^h which has a reflection value of the Lo recordii^ 
stack higher itaax 25%. 

This object has be^ achieved in accordance with the invention by an otrtical 
storage medium as described In the opening para^ph, which is charaoteriasd in that the first 
Lo guide groove has a depth Glo < 100 nm. This invention disclosure proposes the use of 

15 shallow grooves in orda- to achieve a high reflection value. According to calculations 
grooves deeper than 200 nm may also adiieve a high i^ection but are more difScult to 
manu&cture fi;om the point of view of mastering and injection moulding. Tlie explanation for 
the reduced reflection above 100 nm may be that grooves coveted with metal act as a 
waveguide for the radiation beam, thereby lowarmg the effective reflectivity due to c^tioal 

20 eflfeota. At depflis > 200 nm these effects may again lead to an inereasa of the wrflfintion 

In. an embodiment Quo < 80 mn and the first Lo guide groove has a fijU half 
max i mnm width Wm< 350 nm. For grooves vMch have a width of smaller than 350 nm the 
groove depth ^uld be smaller than 80 nm. When grooves are relatively wide, e.g. 500-600 
mn, groove depths of close to 100 nm misy be feasible wiOi still enough tefiecdon. At smaller 

25 groove widihs wave guide like effects pliQT a more prominent rok 

reflectivity may decrease. The shallow groove depth vvill result in inversion of the radial- 
enor signal (pusb pull) and of the wobble signaL This should be oonected for in the drive. 

&i anotiier embodiixient 30 mn < Olo < 40 tun and the first reflective layer 
oonqirises a metal and has a thickness > 50 nm. A very hig^ zefieodon value is obtained by 
30 i!*ich compatibility with the DVD-dual layer read only, Le. video and ROM, standard is 
achieved. Without additional measures the reduced groove dsp^ seems to have a relatively 
low optical modulation, i.e. optical contrast betweai mark and non-maric. For e.g. a 35 nm 
deep groove escperimoits showed a modulation of 1 0 %, both on land and groove. 

in a fittfliar embodiment recordable type Lo recording layer oon^jrises a dye 
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and ha^ a thickn^ between 1 00 nm and 1 SO nm measured on ti» land poition of the guide 
graov^. When using this tbiokness range adequate mai& foimation in the dye layer is 
achieved. Wbrn using this stack good modulation is possible combined with Has strongly 
rednced groove depth. As the recording is performed on land, as opposed to in-groove» a 
5 proper {sigu of the modulation, i.e. high to low recordinj^ is achieved. TMs has the additional 
advantage that the push-pqll signal has the proper sign and no measures in the optical disk 
drive are required to invert ^e push-pull sign. 

A dielectric layer may be present at a side of the Lo recording layer opposite 
from the ade where ibe i5rst refLectiive layer is present This has the advantage of even a 
10 better modulation. The dielectric layer preferably has a thicknes in the range of 5 nm- 120 
zmi. 

In yet anotha: embodiment a second reflective layer comprising a metal is 
present at a side of the Lo recording layer opposite from the side where the first reflective 
layer is present Preferably the second reflective layer has a thicknes$ in the range of S nm - 

15 15 nm- The second reflective layer preferably mainly comprises a metal selected from the 
group of Ag, Au, Cu, Al. The second reflective layer has the advantage of an even higfier 
reflection of the Lo stack. Small variations in stack design may be required to reach good 
recording performance. 

An additioDial advantage of the use of shallow grooves in an invrated Lo stack 

20 is that a wobble of the guide groove is less visible in the reflection of the radiation beam. A 
wobble is used to modulate additional information in the guide groove, e.g, an address or 
time slgMl, When e.g, using a guide groove with a depto Glo of 1 6 0 mn a variation of 1 5 % 
ia visible in the signal with the same periodicity as die wobble. At a groove depth Old of 3 5 
nm flds variation is stibstamially absent. 

25 



The imr^on will be elucidated in greater detail with reference to Hie 
accontpanying drawings^ in which 

Figure 1 shows the reflecdvity on a blank area (mirror) and gtoovedarea for 
30 an inverted Lo DVEH-R stack. The groove depth is 126 mn The reflectivity on the grooved 
area is only about 15% of the reflectivity on the blank area. 

Figure 2 shows the reflecdvity on ablauk area (mirror) and grooved area for 
an invwted Lo DVD+R stack- The groove depth is 3 5 mn. The reflectivity on the grooved 
area is ^proximately 85% of the reflectivity on the blank area. 




18.06^002 



Figure 3 sdiematically shows a acoss^section of an embodiment according to 

Ihe invention. 

Figure 4 schematically ^hows a cross^section of an ^bodim^t according to 
tius invenilon for an inverted Lo stack, 
S Figares 5a and 5b show the calculated result of a modeltTig soidy of a stack 

d^gn aceoidiag to the invention. 

Figures 6a and 6b show Ihe calculated result of a modeling study of anofher 
stack dedgn according to (he invention. 

Figure 7 Reflection and modulation calculated for a refereuce disk: single- 

10 layer DVD+R. 



In Fig.l the results of eaqp^ciments oninv^ed Lo DVD-HR stacks are presented 
when a substrate wiCh a groove depfii Qlo of 126 nm, not according to the invention, was 
1 S used. The v^lecUvity on the gi»oved area is ap|>roxlrDately 15% of title refleetivlly on the 
blank area (miixor). Tbis value is not acceptable, 

hi Fig.2 Ihe results of experiments on Inverted DVTH-R stacks are shown. A 
DVD+RW substrates with a groove depth of about 35 nm» according to the invention, was 
used. Theieflectivily on the ^ooved area is ^proximately 85% of the reflectivity on the 
20 blank area^ which significantly higher than for deeper grooves. The disks still shows 
sufScient push-puU signal; so tracking is possible. Also Hxq experiments show that it is 
possible to write data, although the modulation appears to be relatiyely low (10 %, 1 IT - 
carrier to noise ratio CNR 30 dB) but with the stack design of Fig, .5 and Fig- 6 £i 
modulation is possible. 

25 The Lo substrate 31a had 35 tm deep grooves wife a FWHM width Wlo of 300 

mn, a reflective layer 39 of 100 nm Ag, and 80 nm azo dye recording layer 35^, and a 
protective layer. Typical dyes that can be used are (phthalo)cyanine-type, azo-type^, 
squaryliuto-tzpe, pypromelhene-laTpe or other organic dye material having the desired 
properties. 

30 In Fig. 3 a multi-stack optical data storage medium 30 for recording is shown. 

A focused radiation beam Le. a laser beam 40 enters through an entrance face 41 of the 
medium 30 during recording. The medium comprise a first sxibstrate 31a with prraent on a 
side thereof a first recording stack 33 named Lo, comprising a recordable type Lo recording 
layer 35, Le. an azo dye. The Lo recordmg layer is formed hi a first Lo guide groove 3 8a, and 
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a fiist reflective layer 39 is presmt between the Lo recording layer 35 and -^e first substrate 
3 1{L A second substrate 3 lb is present "with on a side ibereof a secojid recozding stack 32 
named Li ooinpdlsiiig azeoordable azo dye type Li recoxdictg Iay» 34. The second recoiding 
stack L| 32 is |n:esent at a position closer to foe entrance &ce than the Lo recording stack 41 
5 and formed in a second Li giude groove 37. 

A tirdnsparexit spacer layer 36 is sandwiched between the recording stacks 32, 
33 and has athiokness of ajqproximately 40 \xnL The first Lo guide groove 38a has adepthof 
35 nm. Note that the depth of guide groove is defined at the position of the semi lefiecdve 
layer present between 34 and 36. The medium may be manu&ctured as follows. The spacer 
10 36 either contains the first guide groove also called pxegio ove, far Lq oat this first guide 
groove for Lo is masted hito the spacer after appficadon of it to Lf. Ncmnally the guide 
groove constitutes a spiral. Then the first recording stack Lo is deposited on the grooved 
spacer 36. Finally, the first substrate 31a, contafadng no grooves, is applied. This lay-out is 
called type 1. 

X 5 In Fig-4 a variant of ihe medium 30 is shown called type 2. The descripdon of 

Fig. 3 applies with the exception that a guide groove 38b now is present in the first substrate 
31a. This first substrate 31a with Lq is attached to the substrate with Li with the transparent 
spacer layer 36 in between. Specific suitable Lo stack designs named stack 1 and stack 2 are 
discussed elsewhere in this document witii the description of Fig. 6 and Fig.7. The preferred 

20 spacer-^yer thickness for both disk types is 40 i^m to 70 pm. One specific embodhnent 
would be: 

• LifSO nin dye/ 12'nm iig/ UV curable r^iii'(proteotive lay^) and 

Lo: 100 mn (ZnS)80(SiO2)20 / 130 nm dye/ 100 ran Ag^ and a spacer 
thickness of 55 fxm. The effective reflection fiom Li is 20 %, effective reflection (measured 
25 through Lj) fi'om Lo is 21%. 

The upper Li stack of a recordable dual-stack DVD disk should have high 
transparency in order to be able to address the lower lying Lo stack. At the same time> Lj 
pretferably should have a reflectivity of at least 18% in order to meet the dual layer DVD- 
ROM specification. The stacks proposed here are not restdcted to use in DVD-^R-DL and can 
30 be cqpplied in any (multi-stack) organic-dye based opti^ recording mediuin. 

tn Figs,5a and Sb modding resulls are presented on a stadc wi^ the following 

design: 
Stack 1: 

- 35 nm deep guide grooves in substrate Sla^ 
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^ an optically closed Ag minor of 100 Other metals^ e.g. Au» Cu or Al, may bo used as 
well> 

- an azo dye layer, with thickness of 1 30 nm on land, ^ refiaotive index of tbe dye is 2.24 - 
0.021 which corresponds to a typical dye, 

5 - 80 to 120 mn (ZnS)8o(SiQ:02o? other dielectrics with n - 2. 1 give identical reatdts. 

This design combines a high reflectivity and a bi^ modidation of the inverted 
Lq zecording stack for the case of shallow grooves. The stacks should be recorded on-Iand (as 
opposed to in-graove) in oxder to obtain the proper sign of the modulation (hi^-^to-low 
recording), This has as an additional advantage ibst the pnsh-pidl signal has the prop w sign 

10 ("an-!and'*)« ^ parameter L is defined as: L » (do - in which formula do is the dye 
thickness in the groove, is the c^e Aidcness on tend and G is the groove depth. This 
parameter is a measure fin: the leveling out of the dye after depositing on the groove 
Stroctiue. Normally^ dye is deposited by spincoating and typically the levying is between 
about 02, and 0.5. L = 0 means that do^di, and 1^= 1 means that the top sur&ce of the dye is 

15 oompietdy flat after depositing on the guide groove stnictore. In Fig 5a the calculated results 
of the on-laxid raflecdon bs a fimcdon of the on land dye thidbd^s db are shown. In Fig. 5b 
the calouhoed results of on land modulation as a fimction of the on land dye tiiickoess dk^ are 
shown. The hoxizontal dotted line Indicates amuiimum desixedlevel. It can be noted that the 
desired level is reached at dye thickness xange of about 100-130 nm. 

20 Expetimental results obtained with tibis stack 1 are: A high modulation of 75% 

and a hi^ reflection level of 70%. Modulati<m is generally defined as (Rfliaric-RiKwiiaiiO/ Rno- 
Tnarfe i^ vAd^ £3tmula Rmaik and Rnchmmic aze the reflection levels from iHxq read out laser beam 
when r^ectively a w;iittm mark and no n^k is present. The laser beam power required to 
write in the Lo layer is only 7 mW, which is favorable in view of the presence of the Li stack 

25 because a relatively large portion of the power will be absorbed Jn the Li stack- 
In Fig.6 modeling results are presented on a stack with ihe following design: 

Stack 2: 

- 30 to 40 nm deep guide grooves in substrate la, 

- an optically closed Ag reflective layer 39 of lOOnm, other metals^ e.g. Au, Cu or Al» may be 
30 used as well, 

H an azo dye layer, thickness 100 to 130 nm on land, the refractive index ofthe dye is 2.24- 
0.02i v^diich corresponds to a typical dye^ 

- a 5 to 15 nm second reflective layer of A& other metals, e.g. An? Cu or Alj may be used as 
well. 
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A third^dc design is possible vMdh is xiot show in a drawing hut is 
described here: 
Stacks: 

^ 30 to 40 nm deep guide grooves in substrate la, 
5 optically closed Ag reflective layer 39 of lOOmn, other metals, e.g« Au> Cu or Al, may be 
usedaswell;» 

- an azo dye layer 35, thickness 90 run to 160 mn on land^ (ho iiefiactive IndeM: of the dye is 

2.24 - 0.021 which corresponds to a typical dye, 

* a 5 to SO mn lay w of SiO^^ other dielectrics may be used as well. 

1 0 The advacktage of Ihis tiiird stack design is tbsA it is more easy to mano&cture 

compared to ttie second stack design. 

In Fig.7^ as an example^ tiie result fiir a conv^tional single stack DVD+R disk 
is shown. The refractive index of Ihe dye is taken as 2J2A - O.Q2i (this cotresponda to a 
typical dye). According to the calculations, around a thickness of 80 to 90 mn of dye, botii 

15 the on-groove reflection curve 72 and the on-groove moduladon curve 71 are at optimum 
values. The calculated r^ctivity and moduladon agree well wiHi expodnuentaUy obfamed 
values. To adiieve good signal quality from the Lo l^rer, it was attempted to obtain stack 
designs that combine high reflectivity witli a Ingh modulatLon (bolb > 60 %), It turns out that 
for a straij^tfbrward three-layer stack-design, in-groove recorded signals have the wrong 

20 polaiitir Oow^to-<hi^ recording, not shown) in most cases. Hius for the case of shallow 
grooves^ ourland recording may be considmd, or more complicated stack designs. 
For both stack designs of Fig. 5 and Fig.6 mentioned above, a dye thickness-range can be 
identified vfh&e both modulation and reflection ate high. Note that the sta^ proposed hsre, 
are optimized iox shallow gitxioves. 

25 It should be x»>ted that the above-mentioned embodiment illustrates ralh» than 

limits the inv^tion, and that those skilled in tiie art will be able to design many alternative 
embodiments without departing fix)m the scope of the appended claims. In the claims, any 
reference signs placed between parentheses shall not be constmed as limiting the clainL The 
word "comprising" does not exclude the presence of elements or steps other tiban those listed 

30 in a claim. The word ^'a" or "an" preceding an element does not exclude the presence of a 
plurality of such elements. The mere fact Aat certain measures arc recited in rautoally 
different dependent claims does not indicate that a combination of these measures cannot be 
used to advantage. 
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Accoxding to fbe itxvention a multi-stack optical data storage mediim tov 
z^oiding nsitig a focused xadiation beam mOmng thiou^ an entranoe &ce of the jcnedimzL It 
has a fiist siJbstraie with present on a side thereof a first leoordiiig stack (33) named Lo 
fbmied bx a first Lo guide groove. A first reflective layer is present between fte fkst 
recording stack Lo 'and tiie first substrate. A second substrate has present on a side thezeof a 
second recording stack named Li, being present at a position closer to ibe ^otrance &ce than 
the Lo lecoiding stack and finmed in a second Li guide groove. A transparent spacer lay«ris 
sandwiched betwem the recording stacks. The first Lo guide groove has a depCb < 1 00 
nnx In this \vay a relatively Mgh reflection value of the Lo stad^ 
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CLAIMS: 



1 . A multi-stack optical data storage medium for recording tiding a focused 

radiation beam enti^g tbrough an entrance &ce of the medium during zeooxding. 



- a Stst substrate vdtb present on a side iliereo£ 

5 - a first recording stack named X^, comprising a recordable type Lo recording 

layer, and formed in a furst Lq gnide gr oovq, and a first reflective layer present between the Lo 
recording layer and Ihe first substrate, 

- a second substrate wiHi present on a side fhereof: 

-a second recording stack named L| comprising a recordable type Li lecoidhig 
1 0 lajrer, said second lecrading sfadc being present at a position closer to the entrance &ce tiban 
ib& Lo recording stack and fonned in a second Li guide groove, 

- a transparent spacer layer sandwiched between the recording stacks^ said 
ixanspaimt spacer? layer having a thickness substantially larger than tSbie depth of focus of the 
fbcused radiation beam» 

15 characterized in tibatllie first Lo guide gKX>ove has a deq^ 100 nm. 

2. A multi-stack optical data storage medium according to claim 1, wherdn Gio 

< 80 mn and fhe first Lo guide groove has a fiill half maximum width Wlo< 350 nm. 

20 3. A multi-stack optical data storage medium according to claim 1, y^rein 30 

nm < Glo < 40 run and ihe first reflective layer comprises a metal and has a thickness > 50 
nm. 

4. A multi-stack optical data storage medium according to claim 3» wherein the 

25 recordable type Lo recording layer comprises a dye and has a thickness between 100 nm and 
150 nm measured on the land portion of the guide groove. 



5. A multi'-stack optical daJa storage medinm according to claim 4, wherdn a 

dielectdc layer is pr^ent at a side of the Lo recording layer opposite fi:om the side where the 
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6. A multi-stack optical data storage medium acMzdin^ 

dieteotiic layer lias a thidoMs in flie xange of 5 lun - 1^^ 

7- A mtdti-^cik optical data stoxs^inediiimaco^^ 

second i»flectivB lajrer eomprisfing ametal is present at a side of the to wooidii^g layer 

opposnlte ftpm fhe side wheice file fLc^ reflective layex- is pi^ 

S. A muM-staok optical data stoxage medium according to claim S> wiierein the 

second reflective 1^^ has a tbidcness in tbfi raiige of 5 nm -15 nm. 

9. A miolli-stack optical data storage medium according to claim 5 or 6, wh^ein 
the second reflective layer noalnly comprise a metal selected from the gasap of Ag, An, Cu, 
AL 

10. Use of an optical data storage medium as claJmed in any one of ^ preceding 
olsdms for mnlti stack recording with a reflectivity level of the first lecording stack as such 
of more than 50% and modulation of recorded marks in the Lo reoordibg layer of more i^m 
60%, 
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ABSTRACT: 



A multi-stack optical data storage medium (30) for leoordiag using a flscused 
radiation beam (40) entering through an entrance fece (41) of the medium (3 0). It has a first 
substrate (31a) with present on a side thereof a first recording stack (33) named Lo flamed ii 
a fiist Lo guide groove (38a, 38b). A first reflective layer (39) is present between the first 
5 lecoidJng stacik (33) Lo and the first substrate (31a). A second substrate (3 lb) has present on 
a aide Hiereof a second recording stack (32) named Li, being present at a position closer to 
ihe entrance face than the Lo recording stack (41) and formed in a second U guide groove 
(37). A tranq>arent spacer layer (36) is sandwicshed between Ihe recording stacks (32, 33), 
The first Lo guide groove (38b) has a deplh Qu < 100 nnu In this v^y a relatively 

10 reflection value oftheLo stack Is achieved. 
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